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PATENT 



Device and method for establishing an artificial isolated cir- 
culation in a target area of a human or animal body 

CROSS-REFERENCES TO RELATED APPLICATIONS 

This application is claiming priority of copending German pat- 
ent application DE 102 45 772,7 filed on September 26, 2002, 
which is incorporated herein by reference. 

BACKGROUND OF THE INVENTION 

FIELD OF THE INVENTION 

The present invention relates to a device with a pump arrange- 
ment, with at least one venous catheter, and with at least one 
arterial catheter, for establishing and maintaining an artifi- 
cial circulation in a target area of a human or animal body, 
the artificial circulation being isolated from the blood circu- 
lation of the body. 
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The invention further relates to a method in which an artifi- 
cial circulation is established and maintained in a target area 
of a human or animal body, said artificial circulation being 
isolated from the blood circulation of the body, hereinafter 
also called the systemic circulation. 

RELATED PRIOR ART 

This so-called isolated perfusion of organs or body regions has 
been used for some time to administer powerful medicaments in 
the target area and in so doing to avoid their side effects on 
the rest of the organism, or to administer medicaments at such 
high concentrations which, if applied systemically , would cause 
unacceptably severe side effects and incompatibility reactions. 

In the context of the present invention, the term "target area" 
means an organ which can be isolated from the rest of the body 
in terms of blood circulation, or a body region which can be 
isolated, for example the extremities, i.e. arms or legs, and 
the pelvis. A prime example is hyperthermic isolated perfusion 
with chemotherapeutic substances for treating loco-regional 
metastases in the arms or legs in cases of malignant melanoma. 
Other examples include pelvic perfusion in local metastasis of 
rectal carcinoma, or leg perfusion for dissolution of otherwise 
treatment-resistant leg-vein thrombosis of the legs. An impor- 
tant area of application of the present invention relates to 
the last-mentioned thrombolytic perfusion of isolated limbs, 
predominantly the legs. 

To carry out the isolated perfusion, use is made of a pump 
arrangement with at least one venous catheter and with at least 
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one arterial catheter which are connected to the artery and 
vein of the target area so that, for a certain time, a small 
artificial circulation is established and maintained which is 
separate from the rest of the blood circulation. In order to 
supply the target area with oxygen in cases where the artifi- 
cial circulation is maintained for a relatively long period, an 
oxygenator is also coupled into the artificial circulation, and 
the carbon dioxide leVle 1 is also Kept const ant by means of this 
oxygenator. 

Hitherto, the artery and vein of the target area were therefor 
surgically exposed, ligatured under direct visual monitoring, 
and then connected to the arterial catheter and venous catheter 
respectively. With improved catheterization techniques, it is 
nowadays also possible to perform an isolated perfusion from 
outside just by puncturing the vessels, i.e. without an opera- 
tion, a separation being effected between the artificial circu- 
lation and the systemic circulation. 

In "Double-balloon catheter for isolated liver perfusion: an 
experimental study. Cardiovasc. Intervent. Radiol* 2001; 24: 
191-193, Cwikiel et al. report on the isolated perfusion of a 
pig liver with four catheters. The catheters used sealed off 
the vessels, in which they lay, with the aid of a balloon fixed 
to them. 

The artificial circulation in the target area can thus be sepa- 
rated from the systemic circulation in the rest of the human or 
animal body surgically, with the aid of catheters, or alterna- 
tively by ligaturing, etc. 
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Particularly when the isolated perfusion involves powerful but 
toxic medicaments, care must be taken to ensure that the iso- 
lated artificial circulation functions in isolation from the 
rest of the systemic circulation and that leakage of medica- 
ments into the blood circulation is avoided, in order to ensure 
that the administered medicaments cannot affect the rest of the 
body. 

However, it is often impossible to completely prevent atypical 
vessel courses or exits, venous plexuses or lymph tracts either 
surgically or by catheterization, with the result that there 
may be continuous exchange of blood between the artificial 
circulation and the blood circulation of the body. 

In order to minimize this risk of leakage, a pressure drop is 
avoided on the venous side between the two circulations. If the 
pressure in the isolated artificial circulation is too low, 
blood flows from the systemic circulation into the treated 
target area, so that the blood volume circulating in the arti- 
ficial circulation increases. However, the reverse scenario is 
of greater disadvantage, that is to say when the pressure in 
the artificial circulation is too high. Then, blood which con- 
tains the administered medicaments is forced into the blood 
circulation of the rest of the body. 

It will be evident from the above that, in the context of iso- 
lated perfusion, reliable control of leakage is extremely im- 
portant. In addition to guaranteeing a constant system volume 
on the side of the artificial circulation, leakage control has 
hitherto been done with the aid of radioactive substances. In 
"Quantitative radionuclide leakage control during isolated limb 
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perfusion", Nuklearmedizin 1994; 33: 248-253, Sprenger et al. 
describe a twin indicator technique which uses albumin labeled 
with two different isotopes. The first albumin preparation is 
delivered to the blood circulation of the body, in order to 
monitor the position of the measurement probe over the heart. 
Slipping of the measurement probe causes a change in the signal 
from the measurement probe. The second albumin preparation is 
divided in a defined ratio between the artificial circulation 
and the blood circulation of the body (hereinafter also called 
the systemic circulation). As long as the measurement probe 
over the heart records a constant ratio between the first and 
second albumin preparations, the artificial circulation is 
reliably isolated from the systemic circulation. If the ratio 
changes, this points to a leakage. 

If a leakage which has been detected in this way cannot be 
rectified by changing the pressure ratios, the isolated perfu- 
sion is discontinued and administration of the medicament is 
stopped or is not even started. 

A disadvantage of the twin indicator technique, apart from the 
patient's exposure to radiation, is the particular effort asso- 
ciated with using radioactive material, in particular the re- 
quirements placed on personnel, structural measures, handling 
of radioactive waste, etc. Moreover, leakage via the lymph flow 
cannot be detected when using labeled albumin. 

A further disadvantage of the twin indicator technique lies in 
the associated high costs arising from the expenditure in terms 
of technology and equipment, the personnel requirements, and 
the structural measures prescribed by law. 



6 



However, since isolated perfusion by catheterization can, apart 
from leakage control, be carried out without difficulty even in 
small clinics, there is a need for a simpler method of leakage 
control and for corresponding devices for carrying out the 
method. 

SUMMARY OF THE INVENTION 

Against this background, an object underlying the present in- 
vention is to make available a method and a device for leakage 
control in isolated perfusion, where the abovementioned dis- 
advantages are avoided, so that the leakage control can be 
carried out economically and in a simple manner. 

In the device mentioned at the outset, this object is achieved, 
according to the invention, by first means for feeding an ana- 
lysis gas into the artificial circulation and second means for 
monitoring whether a blood exchange takes place between the 
artificial circulation and the systemic circulation, in par- 
ticular whether the analysis gas passes from the artificial 
circulation into the systemic circulation. 

The object underlying the invention is solved completely in 
this way. 

The inventors of the present application have in fact found 
that reliable control of leakage is also made possible using an 
analysis gas which is fed into the artificial circulation. The 
analysis gas spreads through the perfused target area, which is 
accordingly saturated. However, in the rest of the body, the 
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analysis gas is only detectable if the artificial circulation 
"breaks through" or leaks into the systemic circulation. 

With this method , it is therefore principally possible to de- 
tect whether blood from the artificial circulation passes into 
the systemic circulation, which is also the important point to 
be checked in leakage control. However, if blood passes from 
the systemic circulation into the artificial circulation, this 
can also be detected by the fact that further analysis gas is 
needed to saturate this additional blood too. 

Against this background, a further object of the present inven- 
tion is a method in which an artificial circulation is estab- 
lished and maintained in a target area of a human or animal 
body and is isolated from the systemic circulation, and in 
which an analysis gas is fed into the artificial circulation 
and monitored to determine whether blood exchange takes place 
between the artificial circulation and the systemic circula- 
tion , in particular whether the analysis gas passes from the 
artificial circulation into the systemic circulation. 

In general, the device according to the invention for isolated 
perfusion has, in the first means, an oxygenator for supplying 
the target area with oxygen and for keeping the carbon dioxide 
level constant. In this case, it is technically particularly 
easy to introduce the analysis gas into the artificial circula- 
tion since the oxygenator has, in addition to the oxygen deliv- 
ery line, also an analysis gas delivery line into which the 
analysis gas can be introduced when the device according to the 
invention for isolated perfusion is connected to the human or 
animal body. 
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The analysis gas is admixed to the air stream within or up- 
stream of the oxygenator and equilibrates with the blood, 
whereupon it spreads through the perfused target area. When the 
target area is saturated, then there is only a very small net 
uptake of analysis gas by the blood in the oxygenator in order 
to compensate for losses resulting from diffusion through the 
skin or through uptake by tissue with low circulation, such as 
fat, cartilage, and tendons . 

A leakage between the artificial circulation and the systemic 
circulation can now be detected with the aid of a gas sensor 
for the analysis gas f so that, in a preferred embodiment of the 
device according to the invention, the second means comprise at 
least one gas sensor for the analysis gas. 

This gas sensor can now be arranged either in a respiratory 
mask for the air exhaled from the body, or in the artificial 
circulation, or in the air outlet line from the oxygenator. 
According to the invention, the content of analysis gas is 
therefore measured either in the air exhaled from the body or 
in the artificial circulation, or in the air outlet line from 
the oxygenator. 

The inventors of the present invention have in fact found that, 
with a gas sensor arranged in a respiratory mask for the analy- 
sis gas, it is possible, even with very slight leakage of blood 
from the artificial circulation into the systemic circulation, 
to detect the analysis gas in the exhaled air very quickly 
after the onset of the leakage. In this case, the gas sensor 
can be arranged in a ventilation mask which, in isolated perfu- 
sion, is in many cases needed anyway to anaesthetize the body. 
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In this case, the device according to the invention therefore 
comprises a pump arrangement , at least one venous catheter and 
at least one arterial catheter, an oxygenator, and the gas 
sensor arranged in a respiratory mask or introduced into an 
existing respiratory mask. 

With the device according to the invention and with the method 
according to the invention, very simple isolated perfusion and 
leakage control is possible, and surgical interventions are no 
longer absolutely necessary to reliably separate the artificial 
circulation. By measuring the analysis gas in the exhaled air, 
it is in fact possible, for example, to set the pressure ratios 
in the artificial circulation in such a way that no leakage 
occurs. In addition, leakage stopping can be assisted by liga- 
turing, balloon catheterization, etc. 

If the gas sensor is arranged in the artificial circulation, 
then its measurement signals can be used to monitor how the 
analysis gas reaches equilibrium in the artificial circulation. 
As soon as this is reached, only a very slight further net 
uptake of the analysis gas is necessary. However, if blood 
exchange takes place between the artificial circulation and the 
systemic circulation, a greater amount of analysis gas is nee- 
ded for the additional equilibration, which is detected with 
the gas sensor arranged in the artificial circulation. 

A device according to the invention thus comprises, in this 
embodiment, the pump arrangement, at least one arterial cathe- 
ter, and at least one venous catheter, an oxygenator, and a gas 
sensor which is connected to the oxygenator on the side of the 
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artificial circulation. In other words, the gas sensor is situ- 
ated between the oxygenator and one of the catheters used. 

In this device and in the associated method, it is advantageous 
that, in order to establish the artificial circulation and to 
monitor the latter, the catheters simply have to be connected 
to veins and arteries of the target area and, if appropriate, 
corresponding external measures have to be taken for further 
separation, so that the leakage monitoring itself is so to 
speak concomitant. It is therefore not necessary to perform any 
manipulations on the patient's respiratory mask. 

This method is also particularly advantageous when the isolated 
perfusion is being performed on an animal body, for example 
domestic pets or zoo animals, where application of a respira- 
tory mask can be problematic. In human patients too, advantages 
are afforded, since it is not necessary to perform ventilation 
or to reliably collect the exhaled air from spontaneously ven- 
tilating patients. 

In another embodiment, the gas sensor is arranged in the air 
outlet line of the oxygenator, in which case a further gas 
sensor can preferably be arranged in the analysis gas delivery 
line. 

In this case, a device according to the invention therefore 
once again comprises the pump arrangement, the venous and arte- 
rial catheters, and the oxygenator, and a gas sensor now con- 
nected to the air outlet line of the oxygenator. A further gas 
sensor is preferably situated on the delivery side for the 
analysis gas. 
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Using the measurement signals from the gas sensor and, if ap- 
propriate, from the further gas sensor, it is now possible to 
monitor the uptake of analysis gas by the artificial circula- 
tion. If, after equilibrium has been reached, an increased gas 
uptake is again noted, this points to a leakage. 

In this arrangement, a particular advantage is that the gas 
sensor in the air outlet line of the oxygenator does -not come 
into contact with the patient's blood, so that, in contrast to 
the oxygenator and the other tubes, it can be reused without 
any problem. 

In order to increase comfort and safety when using the device 
according to the invention and to enhance employment of the 
method according to the invention, the measurement signals from 
the gas sensor and if appropriate from the further gas sensor 
are evaluated in a control unit which determines whether a 
leakage is present, and, in the presence of a leakage, switches 
off the artificial circulation, for which purpose it is con- 
nected to the pump arrangement. 

The control unit can of course also perform other tasks in 
additon, for example it can be configured to inform the treat- 
ing personnel that the artificial circulation is saturated with 
analysis gas, so that there is reliable control of leakage and 
the medicament can be fed into the artificial circulation. 

Depending on the type of medicament delivered, it may be neces- 
sary simply to interrupt the delivery of the medicament if a 
leakage occurs, so that the artificial circulation can be main- 
tained, by which means delivery to the target area is ensured. 
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This is practical in particular when isolated perfusion is 
intended to be carried out for some considerable time, in which 
case the control unit affords reliable monitoring of safety, 
especially at night, and it is not necessary to react immedi- 
ately to the switching-of f of the medicament delivery since the 
supply to the isolated target area is not compromised. 

As analysis gas it is possible to use gases and' other volatile 
substances whose concentrations can be continuously monitored 
in a gas mixture and which have low solubility in the blood, so 
that they rise and fall very rapidly and thus permit a real- 
time recording of a leakage. They should also have low fat 
solubility and thus a small virtual distribution space. Noble 
gases above all are suitable, although it is especially prefer- 
able to use laughing gas (N 2 0) which is often present anyway in 
hospitals. Laughing gas has the advantage that it is odorless, 
nonexplosive, noncombustible and virtually nontoxic. For these 
reasons, N 2 0 is still used today as anaesthetic gas in heart 
surgery. 

Initial trials conducted by the inventors of the present appli- 
cation have revealed that the N 2 0 sensitivity of the gas sen- 
sor, and of the optionally present further gas sensor, should 
be ca. 1 to 1000 ppm to ensure reliable and early detection of 
a leakage. 

An example of a gas sensor which can be fitted in the exhaled 
air line, the air outlet line of the oxygenator or the delivery 
line for analysis gas, is the SENSIT N sensor for the NARKO- 
GUARD™ system from the company MSI/Dragerwerk, Llibeck. In this 
apparatus, the detection limit is 5 ppm N 2 0 in air and the 
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resolution 0.1 ppm. It is used for measurements at the work- 
place in connection with the checking of work safety measures 
and as an apparatus for leakage detection. 

Against this background, the present invention also relates to 
the use of a gas sensor, for example an N 2 0 sensor, in the 
device according to the invention or in connection with the 
method according to the invention. 

In addition, the present invention also relates to the use of 
an oxygenator in the device according to the invention or in 
connection with the* method according to the invention. The 
oxygenator is preferably provided with an analysis gas delivery 
line and also preferably with a gas sensor or an attachment for 
this on the air outlet side. 

Finally, a further object of the invention is a kit comprising 
an oxygenator, an analysis gas delivery line, at least one 
venous catheter and at least one arterial catheter, and, if 
appropriate, an analysis gas sensor, and to the use of this kit 
in the device according to the invention or in the method ac- 
cording to the invention. 

It shall be understood that the aforementioned features, and 
the features still to be mentioned below, can be used not only 
in the stated combination, but also in other combinations or in 
isolation, without departing from the scope of the present 
invention. 

Further advantages will arise from the following description in 
conjunction with the attached drawing. 
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BRIEF DESCRIPTION OF THE DRAWING 

The single figure shows a diagrammatic representation of an 
artificial circulation which is isolated from the systemic 
circulation and which is maintained and monitored using the 
novel device. 

DESCRIPTION OF PREFERRED EMBODIMENTS 

In Fig. 1, reference number 10 generally designates an animal 
or human body in which a target area labeled 11 is separated 
from the rest of the body 12 by a barrier shown by lines at 13. 
This barrier 13 may, for example, have been created by surgical 
or mechanical measures . 

The systemic circulation 14 with heart 15, lungs 16 and trachea 
17 is also shown diagrammatically within the body 12. In the 
target area 11, an isolated artificial circulation 18 is indi- 
cated which is established, maintained and monitored using a 
device 19. 

The artificial circulation 18 is separated from the systemic 
circulation 14 by the barrier shown at 13, but of course with 
the target area 11 otherwise remaining connected to the body 
12. The target area 11 is for example a patient's leg which, 
for the purpose of thrombolytic treatment, has to be supplied 
for a certain time with a medicament which, for reasons of 
toxicity or other reasons, must not enter the systemic circula- 
tion 14. For this purpose, the barrier 13 can be effected by 
the veins and arteries in the target area 11 being isolated 
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from the systemic circulation 14 surgically or by mechanical 
measures, such as constriction or balloon catheterization. 

The device 19 comprises an arterial catheter 21 and a venous 
catheter 22 which is connected to a pump 23. Connected to the 
pump 23 there is an oxygenator 24 which is connected to the 
arterial catheter 21 via a tube 25. On the tube 25, a medica- 
ment f eled . 2 6 is provided via a Y-piece. 

The oxygenator 24 includes a gas exchange membrane 27 which 
separates the artificial circulation 18 from the gas delivery 
line and discharge line and permits a gas equilibrium between 
gas side and blood side. 

On the gas side, the oxygenator 24 is connected to a Y-piece 28 
which is connected to a first attachment 29 for oxygen delivery 
and to a second attachment 31 for the delivery of an analysis 
gas, in this case laughing gas (N 2 0). 

The oxygenator 24 also comprises an air outlet line indicated 
at 33, from which the delivered oxygen and the delivered laugh- 
ing gas can escape, as can also carbon dioxide released from 
the artificial circulation 18. 

The oxygenator 24 and the second attachment 31 serving as ana- 
lysis gas delivery line are means for feeding the analysis gas 
(N 2 0) into the artificial circulation 18. When the analysis gas 
(N 2 0) has reached equilibrium in the artificial circulation 18, 
there is only a very slight uptake of analysis gas in order to 
compensate for the losses resulting from diffusion through the 
skin or uptake in tissue with low circulation, as long as the 
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the artificial circulation 18 is reliably isolated from the 
systemic circulation 14. 

If, however, a leakage is present, that is to say blood ex- 
change takes place between the artificial circulation 18 and 
the systemic circulation 14, additional gas must be delivered 
beyond these slight net losses. 

The device 19 now has means for monitoring whether such a leak- 
age is present. 

These means comprise one or more gas sensors 34, 35, 36 and 37 
which can be provided individually or in combination. The gas 
sensor 34 is arranged in the air exhaled from the body 12, 
which is preferably achieved using a respiratory mask (not 
shown in the figure). 

In the event of a leakage of analysis gas from the artificial 
circulation 18 into the systemic circulation 14, the analysis 
gas N 2 0 can be detected in the exhaled air. The gas sensor 34 
thus indicates whether analysis gas and blood from the artifi- 
cial circulation 18 passes into the systemic circulation 14. 

Another gas sensor 35 is arranged in the artificial circulation 
18, namely between the oxygenator 24 and the arterial catheter 
21. This gas sensor 35 checks the content of analysis gas in 
the artificial circulation 18. In the event of blood exchange 
between the artificial circulation 18 and the systemic circula- 
tion 14, the content of analysis gas changes beyond the change 
present in the equilibrated state, so that the gas sensor 35 
detects a leakage. 
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The gas sensor 36 is connected to the air outlet line 33 of the 
oxygenator 24. On constant delivery of the analysis gas N 2 0 via 
the second attachment 31, the gas sensor 36 emits a constant 
signal if the analysis gas N 2 0 is at equilibrium in the artifi- 
cial circulation 18, and only the slight net uptake for diffu- 
sion compensation changes the signal from the gas sensor 36. 
However, in the event of a leakage, that is to say if more 
analysis gas passes via the oxygenator 24 into the artificial 
circulation 18, the gas sensor 36 gives a reduced signal, from 
which a leakage can be inferred. 

To take account of fluctuations in the delivery of the analysis 
gas N 2 0, a further gas sensor 37 can be provided in the gas 
delivery line to the oxygenator 24. In this arrangement, the 
difference signal between the gas sensors 36 and 37 indicates 
the net uptake of analysis gas in the artificial circulation 18 
and can likewise be used for monitoring the leakage. 

The individual gas sensors 34, 35, 36, 37 are connected to 
associated control units 41, 42, 43 which in turn are connected 
to the pump 23. 

The control units 41, 42, 43 record the content of the analysis 
gas N 2 0 and switch the pump 23 off if a leakage is apparent 
from the signals from the gas sensors 34, 35, 36, 37. In this 
way, it is possible to ensure that, in the event of a leakage, 
delivered medicament does not pass into the systemic circula- 
tion 14 via the artificial circulation 18. 

Instead of being connected to the pump 23, the control units 
41, 42, 43 can also be connected to a medicament delivery line 
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(not shown in the figure), so that, in the event of a leakage, 
the artificial circulation 18 is maintained, but the delivery 
of the medicament through the medicament feed line 26 is pre- 
vented. This can be done, for example, by closure of a valve, 
indicated at 44, in the medicament feed line 26. 

In particular the control units 42 and 43 can also be used in 
connection with establishing the artificial circulation 18. If 
in fact these control units 42, 43 indicate that there is no 
change or only a very slight change in the content or uptake of 
the analysis gas N 2 0, this means that the artificial circula- 
tion 18 is isolated and the target area 11 is saturated with 
the analysis gas N 2 0. When this state is reached, reliable 
monitoring of leakage is possible, and the medicament can be 
fed into the artificial circulation 18. 



Finally, the signals from the control units 41, 42, 43 can also 
be used, before feeding the medicament, to check the isolation 
of the artificial circulation 18. If in fact a leakage is 
found, this can be counteracted for example by changing the 
pressure on the pump 23 or by further measures at the barrier 
13. 



THEREFORE. WHAT WE CLAIM. Tfi 



